A Gram-reaction-negative, rod-shaped, non-motile, red-pigmented bacterium, designated strain GSR3061 T , was isolated from a water sample of the Mangyung estuary enclosed by the Growth was observed at 15-40 6C and pH 6.5-9.5. The major cellular fatty acids of the novel strain were summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), iso-C 15 : 0 , C 17 : 1 v6c and iso-C 16 : 1 H. Flexirubin-type pigments were absent. The DNA G+C content of strain GSR3061
The family Cytophagaceae is one of the largest groups within the phylum Bacteroidetes and consists of phylogenetically diverse micro-organisms. This family comprised, at the time of writing, 28 genera including recently described genera such as Fibrella (Filippini et al., 2011b) , Fibrisoma (Filippini et al., 2011a) , Pseudarcicella (Kämpfer et al., 2012) and Huanghella (Jiang et al., 2013) . Colonies of this group are usually pigmented, and cell masses are yellow, orange, pink or red owing to carotenoids, flexirubin-type pigments or both. Their main respiratory quinone is menaquinone 7 (MK-7) (Nakagawa, 2011) .
The majority of bacteria present in nature cannot be cultured by using routine laboratory methods. Attempts to cultivate such bacteria have used a variety of methods, including extinction culturing to isolate cultures in small volumes of low-nutrient media. Many of the microbial species that dominate in natural settings are not adapted for growth in media containing high concentrations of complex organic carbon compounds (Connon & Giovannoni, 2002) . During a survey of indigenous bacterial communities in the Republic of Korea, bacterial strain GSR3061
T was isolated from a water sample of the Mangyung estuary enclosed by the Saemangeum Embankment in JEOLlabuk-do. The water sample was diluted serially by using sterilized distilled water, and the diluted bacteria were spread on 1/3-strength R2A agar and several other media. The strain appeared as darkpink colonies after 4 days of cultivation at 25 u C on 1/3-strength R2A medium (Difco) and was preserved in a deep freezer at 270 u C after being suspended in 20 % (v/w) glycerol mixed in distilled water. For short-term preservation, the strain was maintained on R2A agar at 4 u C. The novel strain and the reference strains were routinely grown on R2A agar at 25 u C for analysis of morphological, physiological and biochemical characteristics.
For 16S rRNA gene sequencing and determination of G+C content, chromosomal DNA was extracted by using a Bacteria Genomic DNA Isolation kit (RBC). The 16S rRNA gene was amplified from the genomic DNA by PCR using universal bacterial primers 27F (59-AGAGTTTGATCCTG-GCTCAG-39) and 1492R (59-TACGGTTACCTTGTTACG-AC-39). The closest phylogenetic neighbours based on 16S rRNA gene sequences were identified and comparisons were made by using the EzTaxon-e database (Kim et al., 2012) . Phylogenetic analysis was accomplished by using MEGA5 (Tamura et al., 2011) , after carrying out a multiple alignment of the data using CLUSTAL X (Thompson et al., 1997) . Clustering was performed by using three different methods: neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-likelihood (ML) (Felsenstein, 1981) and maximum-parsimony (MP) (Fitch, 1971) . Evolutionary distance matrices for the NJ algorithm were calculated with the Kimura two-parameter model (Kimura, 1980) . The topology of the trees generated by NJ, ML and MP was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) .
Cell morphology was examined by transmission electron microscopy. The presence of flagella was assessed by using transmission electron microscopy on cells from an exponentially growing culture. Gliding motility was determined using the wet mount method and stab culture in semi-solid R2A agar medium (Tittsler & Sandholzer, 1936) . Gram staining was performed using a Gram stain kit (Difco) according to the manufacturer's instructions. Oxidase activity was determined using 1 % N,N,N9,N9-tetramethyl-1,4-phenylenediamine and catalase activity was examined based on production of bubbles after the addition of 3 % (v/v) hydrogen peroxide. The presence of flexirubin-type pigments was investigated using a 20 % (w/ v) KOH solution (Bowman, 2000; Bernardet et al., 2002) . Extracts of cells for carotenoid analysis were prepared with acetone/methanol (7 : 2, v/v) and the absorption spectrum (300-700 nm) was recorded using a UV-visible spectrophotometer (SpectraMax Plus 384; Molecular Devices).
Growth at different temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 42 u C), pH (4.0-11.0 at 0.5 pH unit increments) and NaCl concentrations (0, 0.5 and 1-10 % at 1 % increments, w/v) was investigated on R2A agar for up to 3 days. Hydrolysis of starch (1 %, w/v), cellulose (1 %, w/v), casein (5 %, w/v) and DNA using DNase Test Agar with Methyl Green (Difco) was tested after 3 days. Growth on various media such as R2A agar (Difco), 3-, 10-, 20-and 50-folddiluted R2A agar, marine agar (MA, MB cell), nutrient agar (NA, Difco), trypticase soy agar (TSA, MB cell), MacConkey (Difco), MSR (Difco), Czapek-Dox (Difco), brain heart infusion (Difco) and deoxycholate lactose medium (Difco) was also evaluated. Physiological and biochemical features of strain GSR3061
T were determined using the API 20NE and API ZYM (bioMérieux) and GN2 Microplate (Biolog) systems as recommended by the manufacturers. Susceptibility of strain GSR3061
T to antibiotics was investigated on R2A agar plates by using discs (Liofilchem) containing the following antibiotics: ampicillin (100 mg), chloramphenicol (100 mg), doxycycline (30 mg), erythromycin (15 mg), kanamycin (100 mg), neomycin (30 mg), rifampicin (30 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg).
The DNA G+C content was determined by the method of Tamaoka and Komagata (1984) with the modification that DNA was hydrolysed by using nuclease P1 (Sigma) and the resultant nucleotides were analysed by HPLC. The fatty acid methyl esters were obtained from cells grown on R2A agar for 2 days at 25 u C and analysed by GC (7890A; Agilent) according to the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.1 and the RTSBA6 version of the database (Microbial ID). Quinone and polar lipids were extracted according to the methods of Collins (1985) and Minnikin et al. (1984) by using one-or two-dimensional TLC (silica gel 60 F 254 plates, art. 5735 and 5554; Merck) and analysed by HPLC (1200 series; Agilent). Total lipids, glycolipids, phosphatidylcholine, and amino group-and phosphorus-containing lipids were identified by spraying the plates with ethanolic molybdatophosphoric acid (Merck), a-naphthol (Wako) in sulfuric acid reagent, Dragendorff reagent (Merck), ninhydrin spray solution (Merck) and molybdenum blue reagent (Sigma), respectively. Polyamines were extracted from strain GSR3061
T and reference strain Hymenobacter ocellatus LMG 21874 T as described by Scherer and Kneifel (1983) . The extracted samples were loaded on TLC plates (Merck) and ethylacetate/cyclohexane (2 : 3) was used as the running solvent.
The almost-complete 16S rRNA gene was amplified by PCR protocols with primers 27F and 1492R. 16S rRNA gene sequence comparisons via the EzTaxon-e database (Kim et al., 2012) showed that strain GSR3061
T was related most closely to 'Rufibacter tibetensis' NRRL B-51285 (Abaydulla et al., 2012) with a similarity of 94.7 %, followed by Adhaeribacter terreus KACC 14257 T (Zhang et al., 2009 ) and Pontibacter korlensis KACC 15371 T (Zhang et al., 2008 ) with similarities of 92.4 and 91.9 %, respectively. The name 'Rufibacter tibetensis' has not yet been validly published but strain NRRL B-51285 was used because it was related more closely to the new isolate than the other reference strains. In all three tree-making methods, phylogenetic analysis based on 16S rRNA gene sequences suggested that the new isolate GSR3061
T formed a phyletic lineage distinct from the reference strains within the family Cytophagaceae of the phylum Bacteroidetes (Fig. 1 ).
Cells were Gram-reaction-negative, aerobic, rod-shaped, 0.4-0.7 mm wide, 1.2-2.3 mm long and non-motile ( Fig. S1 available in IJSEM Online). Colonies were circular, 2-3 mm in diameter, convex, shiny, smooth and redpigmented on R2A agar after 2 days. Growth occurred on R2A agar, NA and TSA but not on MA. The strain could also grow on 20-fold-diluted R2A agar. Cells grew at 15-40 u C (but not 42 u C) and at pH 6.5-9.5 with optimal growth at 25 u C and pH 7.5. Growth occurred on R2A agar with 0-1 % NaCl. Acetone extracts showed a spectrum typical of a carotenoid pigment with the maximum at 484 nm and shoulders at 452 and 506 nm. Flexirubin-type pigments were absent. The strain was catalase-and oxidase-positive. Starch and casein were decomposed and cellulose was not hydrolysed. The result of DNase assays using DNase Test Agar was negative. Other physiological characteristics and differences from recognized species are detailed in Table 1 .
The major cellular fatty acids of the novel strain were summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B, 26.6 %), iso-C 15 : 0 (16.1 %), C 17 : 1 v6c (5.4 %) and iso-C 16 : 1 H (5.3 %) ( Table 2) . By comparison with quinones from the reference strain, A. terreus KACC
14257
T , MK-7 was identified as the major quinone of the novel strain. The polyamine pattern of strain GSR3061 T was similar to that of the reference strain H. ocellatus LMG 21874 T (Buczolits et al., 2006) , but a different pattern was found with spermidine (Sigma) used as a control compound, indicating that the predominant polyamine of the strain is sym-homospermidine (Fig. S2) . The DNA G+C content of strain GSR3061 T was 44.9 mol%. The polar lipid profile consisted mainly of phosphatidylethanolamine (PE). Three unidentified lipids (L1, 2, 4), an unknown aminolipid (AL1), two unknown phospholipids (PL1, 2), an unknown aminophospholipid (APL1) and an unknown glycolipid (GL1) were also present (Fig. 2) . The glycolipid (GL1) was present in the novel strain as well as in the three reference strains, but strain GSR3061
T lacked PL3, PL4 and L3 present in the reference strains (Fig. 2 ).
In conclusion, the relatively low levels of 16S rRNA gene sequence similarity between strain GSR3061
T and members of related genera of the family Cytophagaceae suggest that it merits new generic status. It was evident from the phenotypic, phylogenetic and chemotaxonomic data presented that strain GSR3061 T belongs to the family Cytophagaceae, and represents a novel species of a new genus, for which the name Nibribacter koreensis gen. nov., sp. nov., is proposed.
Description of Nibribacter gen. nov.
Nibribacter (Ni.bri.bac9ter. NIBR acronym of the National Institute of Biological Resources, Republic of Korea, which supported the isolation of the type species of the genus; N.L. masc. n. bacter a rod; N.L. masc. n. Nibribacter rodshaped bacterium connected with the National Institute of Biological Resources of Korea).
Cells are aerobic, Gram-reaction-negative, non-sporeforming, non-flagellated and rod-shaped. The colour of colonies is red, derived from carotenoids. Catalase and oxidase activities are positive. The predominant quinone is MK-7. The major fatty acids are summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) and iso-C 15 : 0 . The major polar lipid is phosphatidylethanolamine. As determined by 16S rRNA gene sequence analysis, the genus Nibribacter is a member of the family Cytophagaceae of the phylum Bacteroidetes. The type species is Nibribacter koreensis.
Description of Nibribacter koreensis sp. nov.
Nibribacter koreensis (ko.re.en9sis. N.L. masc. adj. koreensis pertaining to Korea, where the type strain was isolated).
Cells are 0.4-0.7 mm wide and 1.2-2.3 mm long and nonmotile. Colonies are circular, 2-3 mm in diameter, convex, shiny and smooth on R2A agar after 2 days. KOH test results indicate that flexirubin-type pigments are absent. Carotenoid pigments are present, with maximum peak of the spectrum at 484 nm and shoulders at 452 and 506 nm after acetone extraction. Growth occurs on R2A agar, NA and TSA but not on MA. Can also grow on 20-fold-diluted R2A medium. Growth occurs on R2A agar with 0-1 % NaCl. Cells grow at 15-37 u C and pH 6.5-9.5 with optimal growth at 25 u C and pH 7.5. Starch and casein are decomposed but cellulose is not hydrolysed. The result of DNase assays using DNase Test Agar is negative. In Biolog GN2 tests, dextrin, glycogen, Tween 40, adonitol, L-arabinose, D-arabitol, D-fructose, L-fucose, myo-inositol, a-lactose, lactulose, D-mannitol, raffinose, L-rhamnose, D-sorbitol, sucrose, trehalose, turanose, succinic acid monomethyl ester, acetic acid, cis-aconitic acid, D-galactonic acid lactone, D-galacturonic acid, D-glucosaminic acid, aketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, malonic acid, propionic acid, quinic acid, Dsaccharic acid, sebacic acid, succinic acid, succinamic acid, . All data were obtained from this study, except the DNA G+C content of the three reference strains (Zhang et al., 2008 (Zhang et al., , 2009 Abaydulla et al., 2012) . All strains are positive for the oxidase reaction. All strains are negative for the Gram reaction, H 2 S and indole production, and hydrolysis of cellulose. +, Positive; 2, negative. *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 1 comprised iso-C 15 : 1 H and/or C 13 : 0 3-OH, summed feature 3 comprised C 16 : 1 v7c and/or C 16 : 1 v6c, summed feature 4 comprised iso-C 17 : 1 I and/or anteiso-C 17 : 1 B, and summed feature 9 comprised C 16 : 0 10-methyl and/or iso-C 17 : 1 v9c.
a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, bromosuccinic acid, D-alanine, glycyl L-glutamic acid, L-histidine, L-phenylalanine, L-serine, c-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, glycerol, DL-a-glycerol phosphate, a-D-glucose 1-phosphate or D-glucose 6-phosphate. According to the API ZYM gallery, produces alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and N-acetyl-b-glucosaminidase, but not lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase or a-fucosidase. Sensitive to ampicillin (100 mg), chloramphenicol (100 mg), vancomycin (30 mg), tetracycline (30 mg), doxycycline (30 mg), erythromycin (15 mg) and rifampicin (30 mg) but resistant to kanamycin (100 mg), neomycin (30 mg) and streptomycin (10 mg). The major cellular fatty acids are summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), iso-C 15 : 0 , C 17 : 1 v6c and iso-C 16 : 1 H. The major quinone is MK-7. The predominant polyamine is sym-homospermidine. The polar lipid profile consists mainly of phosphatidylethanolamine (PE).
Three unidentified lipids (L1, 2, 4), one unknown aminolipid (AL1), two unknown phospholipids (PL1, 2), an unknown aminophospholipid (APL1) and an unknown glycolipid (GL1) are also present.
The type strain, GSR3061 T (5KACC 16450 T 5JCM 17917 T ), was isolated from a water sample of the Mangyung estuary enclosed by the Saemangeum Embankment in JEOLlabukdo of South Korea. The DNA G+C content of the type strain is 44.9 mol%. L1-4, unidentified lipids; AL1, unknown aminolipid; PL1-4, unknown phospholipids; APL1, unknown aminophospholipid; PE, phosphatidylethanolamine; GL1, unknown glycolipid.
